1. Background {#sec70719}
=============

Asthma is a global problem with significant social burdens and health costs. This disease is common in all age groups and approximately involves 5-10% of the adult population ([@A9105R1]). Asthma is prevalent in all areas of Iran and has been reported in about 10% of the Iranian population ([@A9105R2]). The prevalence of asthma has increased during the recent years. It was estimated that more than 17.5 million people had asthma in the United States in 2009 ([@A9105R3]). The financial burden of asthma is considerably high. In the USA alone, the annual cost of health care services for this disease is at least 12.7 billion dollars ([@A9105R4]). During the past decade, the incidence of asthma has increased, which may be attributed to environmental exposures rather than genetic factors ([@A9105R5]). Asthma is a major growing problem in working age adults with a negative effect on their working abilities ([@A9105R6]). In the USA, 10 to 12 million days of absence from work occur annually as a result of asthma ([@A9105R7]). Work-related asthma is among the most common occupational pulmonary diseases ([@A9105R8]). Work-related asthma is the most common occupational airway disease among industrial countries ([@A9105R9]). Researches have shown a high prevalence of occupational asthma among Iranian workers ([@A9105R10]-[@A9105R15]). Despite the considerable reduction in the incidence of most occupational pulmonary diseases especially pneumoconiosis due to implementation of appropriate primary preventive measures, prevalence of asthma is still increasing ([@A9105R16]). Application of new materials in working environments without knowing their short-term and long-term effects is among the main reasons for the growing incidence of asthma ([@A9105R16]). Based on the published data, American Thoracic Society has estimated that the cause of asthma in 15% of adults is exposure to hazardous materials in working environments ([@A9105R17]).

On the other hand, there are some diseases that are important due to their association with asthma. For instance, the prevalence of allergic rhinitis in various studies has been reported 5-65% ([@A9105R18]). Association of allergic rhinitis with occupational asthma has been reported as high as 92%. Allergic rhinitis usually occurs prior to occupational asthma ([@A9105R18]). Workers of cable manufacturing companies are exposed to several chemical agents, the most important of which is toluene diisocyanate, copper, poly propylene, polyethylene, and polyvinyl chloride. Isocyanates (including toluene diisocyanate) are currently the most common cause of occupational asthma ([@A9105R19], [@A9105R20]). They can result in functional and inflammatory changes in respiratory system even at very low concentrations (like 1 ppb) ([@A9105R21]). On the other hand, even after discontinuation of exposure, inflammation may remain in cases with diisocyanate-induced asthma ([@A9105R19]). When polypropylene is heated, several low-molecular-weight vapors are produced ([@A9105R22]). Previous studies have reported heated polypropylene-induced occupational asthma ([@A9105R22]). In addition, in a study conducted by Eschenbacher et al. an association was observed between nylon flock work and distinctive interstitial lung disease. Additionally, a high percentage of nylon flock workers had respiratory diseases. By discontinuing the work and workplace exposure, a higher percentage of recovered subjects were observed among polypropylene-exposed workers compared with controls ([@A9105R23]).

Polyethylene is widely used in shrink wrapping industries, for covering the cables and in pipe manufacturing companies ([@A9105R24]). It has been reported that pyrolysis products of polyethylene and polyvinylchloride (PVC) can cause occupational asthma. PVC vapor can cause occupational asthma as well ([@A9105R24]). Ng et al. in their study showed that workers with high cumulative PVC dust exposure had a lower FEV~1~ (Forced expiratory volume in one second) and FVC (Forced Vital Capacity) and prevalence of wheezing and chest tightness was significantly higher in the exposed group ([@A9105R25]).

Polyethylene is among the causes of occupational asthma in workers in wrapping industries. Its association with asthma has also been reported in some other relevant industries such as cable and paint manufacturing companies ([@A9105R24]). Gannon and colleagues reported a case of occupational asthma in a shrink wrap company, using a different plastic, polyethylene. This association was confirmed by specific bronchial provocation testing ([@A9105R24]).

Several epidemiologic studies showed that application of PVC was associated with increased risk of asthma and allergy. In the study by Ng et al. it was revealed that respiratory complaints were significantly more prevalent in the morning after exposure to PVC compared with controls ([@A9105R25]). Early diagnosis of occupational asthma is important, because in various studies it has been demonstrated that prognosis of occupational asthma is poorer than that of nonoccupational asthma ([@A9105R26]). In addition, people with occupational asthma have a greater likelihood to encounter financial barriers than patients with nonoccupational asthma ([@A9105R26]). Respiratory symptoms and airway hyper responsiveness to meth choline persist in subjects removed from exposure to toluene diisocyanate for more than 10 years ([@A9105R27]). Furthermore, a more favorable prognosis was associated with a better lung function and a lower degree of airway hyper responsiveness to meth choline at diagnosis ([@A9105R27]).

2. Objectives {#sec70720}
=============

Considering the high number of cable manufacturing companies and expansion of this industry in Iran, the present study was conducted to evaluate the frequency of occupational asthma in a cable manufacturing company.

3. Patients and Methods {#sec70727}
=======================

3.1. Study Design and Population {#sec70721}
--------------------------------

This cross-sectional study was conducted on workers of a cable manufacturing company in Yazd, Iran, in 2012. All the workers in production units who had exposure to toluene diisocyanate, PVC, polyethylene or polypropylene, were entered in the study as the exposed group. All other workers working in warehouse and packaging units of the company were considered as the unexposed group. All the workers were male. History of exposure to asthmogenic materials in their second job or previous occupation and history of respiratory diseases (like asthma and rhinitis) before employment in the understudy workers of the cable manufacturing company were considered as the exclusion criteria. For a 95% confidence interval (CI), power of 0.5 and margin of error (d) no more than 0.07, the sample size was estimated to be approximately 200. Eventually, 188 workers comprised the unexposed group and 356 comprised the exposed group.

A questionnaire, specifically designed for this study, was filled out for all the subjects. The respiratory questionnaire was designed according to the American Thoracic Society (ATS) standard questionnaire with a few changes and was filled out for all the understudy subjects ([@A9105R28]).

The questionnaire included demographic characteristics, medical history, familial history, respiratory complaints (cough, sputum, dyspnea, wheezing, sneezing, rhinorrhea, nasal congestion, post-nasal discharge, eye and nose itching, etc.) inside or outside the work environment, duration of symptoms and their resolution by omitting work exposure, history of allergy and asthma and time of onset, medication intake, cigarette smoking, respiratory diseases and complaints before employment in the present occupation, a precise occupational history (type of occupation, risks, previous occupation, etc.) and shift work. After completion of the questionnaire, all the understudy subjects were clinically examined by two physicians with special attention to the respiratory system.

All the subjects provided a written informed consent before initiation of the study. They were informed that they are free to quit and leave the study whenever they wish. This study was approved by the Ethics Committee of the National Research Institute of Tuberculosis and Lung Diseases. The code and date of ethical approval was CRD 9136, 14 April 2012.

3.2. Environmental Measurement {#sec70722}
------------------------------

Environmental measurements were performed by the occupational health team of the company. Concentration of dust particles in the work environment was measured and the results showed that the mean concentration of respirable dust particles in the production unit and its total concentration were 6.03 (range: 4.01 to 9.13) and 16.21 (range: 21.20 to 12.36) mg/m^3^, respectively. Workers in the exposed group were exposed to dust particle concentrations over the permissible exposure limit ([@A9105R29]). The concentration of dust particles were negligible and below the permissible exposure limit in the warehouse and packaging units.

3.3. Pulmonary Function Tests {#sec70723}
-----------------------------

Pulmonary function tests (PFTs) were performed using a portable spirometer (Spirolab III, MIR Co, Italy) in the sitting position and with the use of a nasal clip according to the standards of American Thoracic Society (ATS) ([@A9105R30]-[@A9105R32]). For each subject, spirometry test was performed for a minimum of three times and the best value between the three was recorded. All the tests were performed by a trained physician between 9-11 AM. The following spirometric indices were used for reporting the study results:

1.  Forced expiratory volume in one second (FEV~1~)

2.  Forced vital capacity (FVC)

3.  FEV~1~/FVC

4.  Forced expiratory flow between 25% and 75% of the FVC (FEF 25-75%)

5.  Peak expiratory flow (PEF)

6.  Study subjects were divided into normal, obstructive, restrictive and mixed patterns based on spirometric findings ([@A9105R32]).

All the measurements were expressed as the percentage of normal values and were adjusted for age and height. Spirometric tests of all the subjects who had respiratory signs or obstructive patterns in their simple spirometry tests were repeated 15-20 minutes after the inhalation of 400 µg salbutamol spray; 12% or 200 mL increase in FEV1 or 20% increase in PEF was considered as significant or positive reversibility.

3.4. Peak Flowmetry {#sec70724}
-------------------

All the workers who had respiratory signs or symptoms or obstructive patterns in simple spirometry tests were trained for using peak flow meter and this test was performed for them. They were asked to perform it twice a day (at the beginning and at the end of each shift work) three times for one week and record the results ([@A9105R33]). All the workers were evaluated for proper conduction of the test on day two. Of the three measured values at each time of testing, the greatest was recorded.

The calculated normal peak ﬂow based on the worker's age, height, and weight was compared with the maximum peak ﬂow taken at the beginning and the end of each shift work. Changes in peak ﬂowmetry were calculated for each worker. According to the ATS, a decrease of more than 20% was considered as positive ([@A9105R34]).

3.5. Outcomes Measurement {#sec70725}
-------------------------

In this study, occupational asthma was defined based on the criteria indicated by the American College of Chest Physicians (ACCP) ([@A9105R35]).

1.  Presence of a clinical compliant of asthma (coughing, wheezing, and dyspnea) that resolves by removal from work exposure.

2.  Positive reversibility in spirometry test along with more than 20% change in the PEF value.

Rhinitis was diagnosed based on presence of sneezing, rhinorrhea, nasal congestion, postnasal discharge, and constant eye and nose itching, related to work ([@A9105R36]).

Chest x-ray was obtained in all the subjects, for whom another diagnosis was proposed based on their medical history, clinical examination and performed tests. In suspicious cases, the chest x-ray diagnoses were confirmed by CT scan.

Shift of work was measured by asking the respondents to rate which of the following categories described their current work schedule: fixed day shift, fixed evening shift, or rotating shift. Fixed day shift was considered day work, and the other categories were considered shift work ([@A9105R37]).

3.6. Statistical Analysis {#sec70726}
-------------------------

SPSS version 11 software was used for data analysis. Percentage, frequency, mean and standard deviation were used for descriptive analysis. T-test was used for comparing the means of quantitative variables; whereas chi-square test was used for qualitative variables. Logistic regression analysis was used for precise evaluation of the correlation between occupational asthma and occupational exposure. In all the statistical tests, confidence interval (CI) was 95% and P \< 0.05 was considered statistically significant.

4. Results {#sec70728}
==========

This study evaluated 544 personnel, working in production, packaging and warehouse units of a cable manufacturing company, of which 356 (65.4%) worked in production units and comprised the exposed group and 188 (34.6%) worked in warehouse and packaging units and comprised the unexposed group. The mean age of all the subjects was 38.75 years old (range: 23-61 years). The mean work experience was 11.36 years (range: 1 to 23 years). The mean height was 174.30 cm (range: 158 to 197 cm) and the mean weight was 78.40 kg (range: 52 to 101 kg). A total of 104 subjects (19.1%) were smokers and 159 (29.2%) were shift workers. [Table 1](#tbl17999){ref-type="table"} compares the exposed and unexposed groups in terms of demographic characteristics. As observed in this table, the two groups had no significant differences in terms of mean age, work experience, mean height, mean weight, shift work, and cigarette consumption (P \> 0.1). In terms of respiratory complaints, 98 subjects (27.5%) in the exposed group and 34 (18.1%) in the unexposed group had respiratory complaints and the frequency of respiratory complaints in the exposed group was significantly higher than the unexposed group (P = 0.016, OR = 1.72, 95% CI = 1.11-2.66). [Table 2](#tbl18000){ref-type="table"} compares the frequency of respiratory complaints between the two groups based on the type of respiratory complaint. As demonstrated in this table, all the respiratory complaints were significantly higher in the exposed group. Of all the subjects, 431 (79.2%) had normal and 113 (20.8%) had abnormal spirometric findings. In the unexposed group 22 (11.7%) and in the exposed group 91 (25.6%) subjects had abnormal spirometry results. The frequencies of abnormal pulmonary function tests were significantly higher in the exposed group (P \< 0.001, OR = 2.59, 95% CI = 1.56). In the exposed group, 72 subjects (20.3%) had obstructive and 19 (5.3%) had restrictive patterns. In the unexposed group, 18 (9.5%) had obstructive and 4 (2.2%) had restrictive patterns. The mean values of spirometric indices were significantly higher in the exposed group (P = 0.001) ([Table 3](#tbl18001){ref-type="table"}). Rhinitis was present in 48 subjects (8.8%). Rhinitis was reported by 42 subjects in the exposure (11.8%) and 6 (3.2%) in the unexposed group. Therefore, its frequency was significantly higher among the exposed group (P \< 0.001, OR = 4.05, 95% CI = 1.69-9.73). A total of 53 subjects (9.7%) of all the understudy population had occupational asthma. Occupational asthma was diagnosed in 49 (13.8%) subjects in the exposure and 4 (2.1%) in the unexposed groups. Therefore, the frequency of occupational asthma was significantly higher in the exposed group (P \< 0.001, OR = 7.34, 95% CI = 2.60-20.67). The frequency of occupational asthma was 29.8% (31 subjects) in the smoker and 5.0% (22 subjects) in the nonsmoker group. The frequency of occupational asthma was 17.6% (28 subjects) among shift workers and 6.5% (25 subjects) among non-shift workers. The frequency of occupational asthma was significantly greater among smokers and shift workers (P \< 0.001) ([Table 4](#tbl18002){ref-type="table"}). Logistic regression analysis was used for more precise evaluation of the correlation between the frequency of occupational asthma and occupational respiratory exposures ([Table 4](#tbl18002){ref-type="table"}).

###### Comparison of Related Variables Between the Exposed and Unexposed Groups ^[a](#fn15013){ref-type="table-fn"}^

  Variable                            Exposed Group (n = 356)   Unexposed Group (n = 188)   P Value
  ----------------------------------- ------------------------- --------------------------- ---------
  **Age, y**                          38.50 ± 4.72              39.23 ± 5.41                0.103
  **Duration of work, y**             11.48 ± 4.13              11.11 ± 5.80                0.388
  **Body mass index, kg/m** ^**2**^   25.53 ± 2.80              25.85 ± 3.44                0.116
  **Height, cm**                      174.58 ± 5.88             173.82 ± 5.30               0.137
  **Weight, kg**                      77.85 ± 11.28             79.45 ± 10.51               0.110
  **Smoking**                         76 (21.3)                 28 (14.9)                   0.085
  **Shift work**                      105 (29.5)                54 (28.7)                   0.921

^a^ Values are present as Mean ± SD and No. (%).

###### Prevalence of Respiratory Symptoms Among Exposed and Unexposed Groups ^[a](#fn15014){ref-type="table-fn"}^

  Symptom                           Exposed Group (n = 356)   Unexposed Group (n = 188)   P Value
  --------------------------------- ------------------------- --------------------------- ----------
  **Dyspnea**                       68 (19.1)                 11 (5.8)                    \< 0.001
  **Shortness of breath at work**   50 (14.0)                 7 (3.7)                     \< 0.001
  **Cough**                         46 (12.9)                 12 (9.0)                    0.023
  **Wheeze**                        44 (12.3)                 10 (5.3)                    \< 0.001
  **Sputum**                        43 (12.0)                 16 (8.5)                    0.017

^a^ Values are present as No. (%).

###### Mean Values of Spirometric Parameters in Exposed and Unexposed Groups ^[a](#fn15015){ref-type="table-fn"},[b](#fn15016){ref-type="table-fn"}^

  Parameter                  Exposed Workers   Unexposed Workers   P Value
  -------------------------- ----------------- ------------------- ----------
  **FEV** ~**1**~            74.52 ± 9.55      87.98 ± 13.74       \< 0.001
  **FVC**                    77.32 ± 8.15      89.05 ± 12.13       \< 0.001
  **FEV** ~**1**~ **/FVC**   79.65 ± 6.65      82.55 ± 5.19        \< 0.001
  **FEF** ~**25-75%**~       72.30 ± 6.31      87.31 ± 19.98       \< 0.001
  **PEF**                    76.99 ± 7.36      85.91 ± 14.25       \< 0.001

^a^ Abbreviations: FCV, forced vital capacity; FEF, forced expiratory flow; FEV, forced expiratory volume; PEF, peak expiratory flow.

^b^ All the Values are present as Mean ± SD.

###### The Association Between Occupational Asthma and Study Variables ^[a](#fn15017){ref-type="table-fn"}^

  Variables                Crude OR   95% CI       P Value   Adjusted OR   95% CI       P Value
  ------------------------ ---------- ------------ --------- ------------- ------------ ----------
  **Exposure Groups**                                                                   
  Unexposed (n = 188)      1          \-           \-        1             \-           \-
  Exposed (n = 356)        7.34       2.60-20.67   \< 0.01   5.68          1.41-13.87   0.029
  **Age, y**                                                                            
  ≤ 38 (n = 282)           1          \-           \-        1             \-           \-
  \> 38 (n = 262)          4.75       1.88-12.36   \< 0.01   3.84          1.69-8.71    0.001
  **Work experience, y**                                                                
  ≤ 11 (n = 268)           1          \-           \-        1             \-           \-
  \> 11 (n = 276)          4.01       1.62-8.41    \< 0.01   2.32          1.11-4.87    0.025
  **BMI, kg/m** ^**2**^                                                                 
  \< 25.7 (n = 260)        1          \-           \-        1             \-           \-
  ≥ 25.7 (n = 284)         2.76       1.13-4.96    \< 0.05   2.01          1.05-3.85    0.035
  **Smoking pack, y**                                                                   
  Non-smoker (n = 440)     1          \-           \-        1             \-           \-
  ≤ 5 (n = 54)             5.37       1.88-12.28   \< 0.01   2.46          1.09-7.43    0.033
  \> 5 (n = 50)            8.06       4.42-14.70   \< 0.01   3.89          1.56-9.71    0.004
  **Shift work**                                                                        
  No (n = 385)             1          \-           \-        1             \-           \-
  Yes (n = 159)            3.07       1.72-5.47    \< 0.01   4.57          1.73-8.94    \< 0.001

^a^Abbreviations: BMI, body mass index; CI, confidence interval; OR, odds ratio.

The results of this analysis showed that even after adjustment for confounding factors, there was a significant association between the frequency of occupational asthma and exposure to dust particles (P \< 0.05). In addition, age, work experience, body mass index (BMI), cigarette smoking and shift work were significantly associated with the frequency of occupational asthma (P \< 0.05).

5. Discussion {#sec70729}
=============

Work-related asthma is among the most common occupational diseases, which imposes high costs to patients, healthcare systems and insurance companies in Iran every year. Some industries such as bakery and steel industries have been studied for occupational asthma in Iran ([@A9105R38]-[@A9105R40]). Cable manufacturing is an industry in which workers are exposed to several asthmogens, the most import of which is toluene diisocyanate. In this study, we evaluated the overall effect of these agents in this industry on development of work-related asthma. In the present study, the frequency of work-related asthma was 9.7%. The frequency of work-related asthma was 13.8% in the exposed and 2.1% in the unexposed groups, which was significantly higher in the exposed group. Even after adjustment for confounding factors, significant associations were detected between asthma frequency and occupational exposures ([Table 4](#tbl18002){ref-type="table"}). Sigari et al. reported that asthma prevalence in bakery workers was 11.9%, ([@A9105R40]) and Mirmohammadi et al. reported that 3.9% in steel industry workers ([@A9105R38]).

As observed in [Table 2](#tbl18000){ref-type="table"}, the frequencies of all respiratory complaints were significantly different between the two groups (P \< 0.05) and the overall frequency of respiratory complaints was 27.5% in the exposed group.

As demonstrated by the results of logistic regression analysis ([Table 4](#tbl18002){ref-type="table"}), shift work, cigarette smoking of more than five packs/year, BMI greater than 25.7 kg/m^2^, work experience more than 11 years, age older than 38 years and occupational exposure had significant correlations with work-related asthma.

In Ghasemkhani et al. study similar to our study, the prevalence of symptoms increased by increased work experience ([@A9105R41]). Uddenfeldt et al. ([@A9105R42]) showed that cigarette smoking was correlated with asthma. Such relationship was observed in our study as well. Previous studies demonstrated that airway narrowing or smoking were associated with greater deposition of small particles (less than 1 µm) ([@A9105R43]). This finding can somehow justify the higher prevalence of asthma among smokers. Several studies similar to ours showed that higher BMI was correlated with development of asthma ([@A9105R42], [@A9105R44]). In obese individuals, mechanical compression of thorax results in decreased tidal volume and lower stretching of bronchial muscles, which can result in increased airway responsiveness ([@A9105R44]). On the other hand, visceral fat may induce preinflammatory mediators like IL6, which can cause subepithelial fibrosis and airway remodeling in animal models ([@A9105R45]). Furthermore, even being overweight within the normal weight range can be related to asthma ([@A9105R46]).

Allergic rhinitis is associated with work-related asthma in up to 92% of cases and it is considered a predisposing factor for asthma ([@A9105R18]). In the present study, 53 subjects (from both the exposed and unexposed groups) had work-related asthma, of which 48 (in both groups) had rhinitis as well (90.5% of cases).

The correlation of exposure to PVC and asthma has been demonstrated in various epidemiologic studies. Markowitz ([@A9105R47]) showed that in fire fighters exposed to burning PVC there was an increased risk of asthma-related signs and symptoms. Jaakkola et al. showed that exposure to PVC present in interior surface materials was associated with risk of asthma ([@A9105R48]). Phthalates as plasticizers are among the important components of PVCs and play a role in development of work-related asthma ([@A9105R49]). Exposure to methylene diphenyl diisocyanate, hexamethyl diisocyanate and toluene 2, 4 diisocyanate can cause allergic reactions similar to type I allergic asthma ([@A9105R50]). In our study, exposure to toluene diisocyanate and PVC in the forms of dust and fume was reported in the exposed group, which was higher than the permissible exposure limit. It seems that the main cause of work-related asthma in our study was exposure to the two aforementioned compounds.

Two approaches were considered in previous studies conducted on work-related asthma. Some studies evaluated one asthmogen in different industries. Some others concentrated on a specific industry rather than focusing on a specific compound ([@A9105R41], [@A9105R51], [@A9105R52]). However, none of them evaluated cable manufacturing industry. In the present study, we chose the second approach because the cumulative overall effect of these substances can be totally different than the individual effect of each one of them.

In the current study, the incidence of work-related asthma in the unexposed group was 2.1%, which might be due to exposure of these subjects to small amounts of the understudy materials in nonproduction units. On the other hand, due to the health worker effect, the frequency of work-related asthma may have been underestimated.

The weakness points of the present study were as follows:

This was a cross-sectional study and had limitations.

Due to some technical limitations, personal sampling as a complementary method for area sampling was not performed.

Other studies showed that higher physical activity increased the overall inhalation of dust particles ([@A9105R43]). In the present study, workers in the exposed group had greater physical activity because of the nature of their job compared with the unexposed group, but precise measurement and comparison of the rate of physical activity between the two groups was not performed. However, considering the type of work performed by the first group which was not physically demanding, we do not assume that this issue had a significant impact on our findings.

Since this was a cross-sectional study, we could not conclude a cause and effect relationship. On the other hand, the prevalence of asthma in our study might have been underestimated due to the healthy worker effect. This study was the first in Iran to evaluate occupational asthma in cable manufacturing industry.

In conclusion, the present study results showed that occupational respiratory exposures in this industry in Iran were higher than the permissible exposure limit. Frequency of work-related asthma was 9.7% among all the study subjects and 13.8% in the exposed group. Considering the high prevalence of work-related asthma in workers of cable manufacturing industry in Iran, it is necessary to immediately address this issue. Decreasing the occupational exposures is the main measure for reducing the incidence of work-related asthma in this industry. Reduction in work shift duration, implementation of tobacco control and cessation programs for personnel and performing spirometry tests and respiratory examinations in shorter periods may be among effective measures for reducing the incidence of occupational asthma in this industry.
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